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SUMMARY

The off gas condensate generated from the River Protection Project Waste Treatment
Plant (RPP-WTP) LAW melter systems is recycled to the pretreated LAW evaporator
system.  The recycled condensate is combined with the pretreated LAW from the
technetium ion exchange columns and evaporated in the pretreated LAW evaporator.
The concentrated LAW solution is stored in the LAW melter feed lag storage vessels
before transfer to the LAW vitrification building.  Characterization of the melter off gas
condensate is essential to completing the design of the pretreated LAW evaporator.
Additionally, characterization of the condensate is necessary for the overall development
of the RPP-WPT flow sheet.

Characterization of the off gas condensate from the Duratek LAW Pilot scale melter
located in Columbia Maryland was completed and the results are contained in this report.
The condensate was obtained during the initial Envelope A (AW101/AN105 waste
simulant) pilot tests.  The condensate contains a significant quantity of dissolved (2%)
and insoluble solids (1.21 g solids/L condensate).  The condensate is composed of glass
formers, AW101/AN105 simulant and trace amounts of LAW glass.  The condensate is
approximately 0.2M sodium and has a pH of 6.8.  Insoluble solids formed when the
AW101/AN105 LAW melter off gas condensate was mixed with a simulant of pretreated
AN105 solution.  The expected amount of precipitate formed is less than 0.2wt%
insoluble solids.

This quantity of solids should not challenge the design basis for the LAW melter feed lag
storage vessels1.  The LAW melter feed lag storage vessels are each equipped with
pulsed-jet mixing units that are capable of suspending this small quantity of solids.  The
LAW melter feed will be transferred from the lag storage vessels to the LAW vitrification
building using centrifugal pumps that are to be designed to suspend solids and prevent
settling in the underground pipeline.

                                                
1 System Description for the LAW Melter Feed Lag Storage System (LP-140), SD-W375LP-PR00001,
revision 3, April 3, 2000, BNFL Inc., Richland Washington.
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INTRODUCTION

The baseline low activity waste (LAW) flow sheet for the River Protection Project (RPP)
Waste Treatment Plant (WTP) includes pretreatment of Envelope A, B and C supernate
by removing strontium/TRU, cesium, and technetium via a series of precipitation2 and
ion-exchange steps.  The decontaminated LAW is concentrated in the pretreated LAW
evaporator.  Glass formers are added to the pretreated LAW evaporator concentrate and
fed to joule-heated, refractory-lined melters (3) that are designed to operate nominally at
1,150 °C.  The surface area of each melter is approximately 10 m2.  The off gas from the
LAW melter is quenched in a submerged bed scrubber3.  The scrubber contains water and
no reagents are added to the scrubber during operation.  The condensate from the
submerged bed scrubber is neutralized, if necessary, with 5M sodium hydroxide and
recycled back to the pretreatment facilities where the condensate is combined with fresh
technetium ion exchange effluent and fed to the pretreated LAW evaporator.

As part of the BNFL/WSRC Part B1 contract, SRTC is charged with characterizing the
expected Melter off gas condensate that will be transferred back to the Pretreatment
building4.  The test specification/test plan for this work is contained in reference 4.

This report focuses on characterization of an off gas condensate sample from the Duratek
LAW pilot melter located in Columbia, MD.  The LAW pilot melter is a 1/3 section of a
full size RPP-WPT LAW Melter.  The LAW pilot melter is a joule heated, slurry fed,
ceramic lined melter with submerged metallic electrodes.  The distance between the
electrodes is identical to the full-scale RPP-WPT LAW melters.  The pilot melter glass
pool cross sectional area is 3.3 m2.  The glass pool is agitated with a patented air sparging
system to increase waste processing rates.  Nominal processing rates for the pilot melter
rage from 1.0 – 2.0 tons/day/m2.  The pilot melter glass pool holds approximately 7000
kg of glass.

EXPERIMENTAL

Characterization

Approximately three liters of melter off gas condensate from the Duratek pilot melter off
gas system were collected on 6/21/995.  The sample was collected after feeding a 7 molar

                                                
2 Currently, the Sr/TRU precipitation process is conducted on Envelope C wastes only.  Cs/Tc ion
exchange resins are used to decontaminate all wastes.
3 Schmidt, A. J., Final Technical Report Submerged Bed Scrubber Evaluation, PNL-8163, Pacific
Northwest Laboratory, Richland, WA, June 1992
4 WFO-98-003, Work for Other Agreement between Westinghouse Savannah River Company Operating
Under Prime Contract No. DE-AC09-96SR18500 for the Department of Energy and BNFL, Inc., 6/30/98
5 At the time the sample was taken the glass pool temperature was 1150°C and the production rate was 1.5
ton/day/m2.
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sodium, simulated LAW Envelope A melter feed for six days at about 90% melter
availability.  The composition of the simulant, glass formers, and melter feed is shown in
Table 1.  GTS Duratek, Inc. provided the analysis of the simulant, glass formers, and
LAW melter feed.

The simulant was a composite selected from Hanford tanks 241-AN105 and 241-AW101.
The pre-fix "241" is common to all Hanford underground storage tanks and is not used
further in this report.  The analytical data used to formulate the simulant came from the
tank sample analysis reports6,7.  The selection was primarily based on tank AN105 with
the exception of potassium, nitrate, nitrite, and phosphate.  These analytes were found to
be in a higher concentration in the AW-101 waste than AN105 and were selected as a
basis for the simulant.  Sulfate was also increased to reflect the potentially higher
concentration tanks8.  Cesium and technetium were omitted from the simulant because
the planned waste treatment process removes these radionuclides and their contribution to
the total waste oxides is negligible.   The Vitreous State Laboratory (VSL, Catholic
University of America) formulated the simulant and glass composition in cooperation
with GTS Duratek, Inc.  The sodium oxide loading in the simulant LAW glass was
targeted to be 20%.

                                                
6 Winters, W. et. al., Part A Tank Waste Remediation System (TWRS) Privatization Contractor Sample
LAW Envelope (B) Tank 241-AN105 Final Analytical Report, HNF-SD-WM-218 Rev. 1, Fluor-Daniel
Inc., Richland WA, 5/30/97
7 Winters, W. et. al., Part A Tank Waste Remediation System (TWRS) Privatization Contractor Sample
LAW Envelope (B) Tank 241-AW101 Final Analytical Report, HNF-SD-WM-204 Rev. 1, Fluor-Daniel
Inc., Richland WA, 11/20/96
8 Mullar, I., Re: Composition of First Duratek Pilot Melter Run – Envelope A Hanford Tank ? Email to T.
B. Calloway, Vitreous State Laboratory, Catholic University of America, 620 Michigan Ave. Washington
DC 20064, 5/19/00
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Table 1 – Composition of Duratek LAW Pilot Melter Feed During Sampling of

Melter Off Gas Condensate9

AW101/AN105
SIMULANT @

8M NA

AW101/AN105
SIMULANT @

7M NA

GLASS
FORMERS

MELTER
FEED

ANALYSIS

Analyte Formula mg/L mg/L Oxide 10 wt. % wt. %
Aluminum Al 31360 27440 Al2O3 10.11 11.972

Antimony Sb NA NA Sb2O3 NA NR

Arsenic As NA NA As2O3 NA NR

Barium Ba NA NA BaO NA NR
Beryllium Be NA NA BeO NA NR

Boron B NA NA B2O3 12.1 8.640

Cadmium Cd NA NA CdO NA NR

Calcium Ca 14.2 12.4 CaO 4.1 2.922
Chromium Cr 145.6 127.4 Cr2O3 NA 0.017

Cobalt Co NA NA CoO NA NR
Copper Cu NA NA CuO NA NR
Iron Fe 18.8 16.5 Fe2O3 8.1 5.772

Lanthanum La 18.8 16.5 La2O3 NA NR

Lead Pb 51.1 44.7 PbO NA NR
Lithium Li NA NA Li2O NA 0.001

Magnesium Mg NA NA MgO 2.79 1.994

Manganese Mn 20.1 17.6 MnO NA NR
Molybdenum Mo NA NA MoO3 NA NR

Nickel Ni 9.1 8.0 NiO NA 0.001
Potassium K 31920 27930 K2O NA 3.101

Selenium Se NA NA SeO2 NA NR

Silicon Si NA NA SiO2 53.31 37.993

Silver Ag 13 11.4 Ag2O 5.99 0.0011

Sodium Na 184000 161000 Na2O NA 20.000

Sodium, M 8.00 7.00
Thallium Th NA NA Th2O NA NR

Titanium Ti 2.7 2.4 TiO2 NA 0.0004

Vanadium V NA NA V2 O5 NA NR

Zinc Zn NA NA ZnO NA 4.275
Zirconium Zr NA NA ZrO2 3.5 2.496

Sum of Oxides 100 99.18
Acetate CH3COO NR NR NR NR

                                                
9 Smith, E., Re: Off-Gas Sample, Email to T. B. Calloway, GTS Duratek, Columbia, MD, 6/21/99
10 The oxide composition reported in
Table 1 assumes that each element has only one oxidation state in the glass.  Other oxidation states could
form in the glass depending on the amount of organic and other reductants present in the simulant.
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AW101/AN105
SIMULANT @

8M NA

AW101/AN105
SIMULANT @

7M NA

GLASS
FORMERS

MELTER
FEED

ANALYSIS

Analyte Formula mg/L mg/L Oxide 10 wt. % wt. %
Ammonium NH4 NR NR NR NR
Bromide Br NR NR NR NR
Carbonate CO3 NA NR NR NR
Chloride Cl 7176 6279 NR NR
Fluoride F 448 392 NR NR
Formate COOH NR NR NR NR
Glycolate OCH2COOH NR NR NR NR

Hydroxide OH NR NR NR NR
Nitrate NO3 160800 140700 NR NR

Nitrite NO2 79840 69860 NR NR

Oxalate C2O4 NR NR NR NR

Phosphate PO4 1288 1127 NR NR

Sulfate SO4 1520 1330 NR NR

Cyanide
Cyanide, Reactive HCN NA NA NR NR
Cyanide, Total HCN NA NA NR NR

TOC 2880 2520 NR NR
TIC NA NA
% Total Solids
Balance is water

NR NR NR NR

% Soluble Solids NR NR NR NR
% Insoluble Solids NR NR NR NR
Density, g/ml ≈1.5 ≈1.56
pH NR NR NR NR

NA - Analyte not Added
NR/NM - Analysis not reported/measured

The total organic carbon content in the simulant (as-batched basis) is composed of 12%
EDTA, ethylenediaminetetraacetic acid, (HOOCCH2)2NCH2CH2N(CH2COOH)2 (0.03
wt. % of surrogate), 38% Acetic Acid CH3CO2H (0.1 wt. % of simulant), 38% Formic
Acid, HCOOH (0.1 wt. % of simulant), and 12% Glycolic acid, C2H4O3 (0.03 wt. % of
simulant).  The simulant and melter feed used in the pilot melter tests has a density of
approximately 1.50 and 1.56 g/ml, respectively. The ratio of glass formers added to total
mass was 0.45.  No inorganic carbon was added to the feed11.

The three liters of melter off gas condensate were received at SRTC’s 772-T laboratory
and composited into a four-liter vessel.  The sample was weighed and sub-samples were
                                                
11 Smith, E., Re: Pilot Melter Surrogate and Feed Composition, Email to T. B. Calloway, GTS Duratek,
Columbia, MD, 8/02/00
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taken and submitted for solids (gravimetric-microwave, total, soluble and insoluble),
density (pycnometer), pH, elementals (inductively coupled plasma-mass spectroscopy),
anions (ion chromatography), and cyanide analyses (total and reactive). General
Engineering Laboratory, an EPA certified laboratory, (See Table 2) conducted the
elementals, anions and cyanide analyses using EPA SW-846 methods.  All other analyses
were done in SRTC analytical laboratories using standard SRTC methods and
procedures.  All solids and density analyses were performed in duplicate and the results
averaged for this report.

The composite off gas condensate sample was vacuum filtered through a 0.42 micron
Whitman filter and the solids were collected and dried in an oven at 105°C until a
constant weight was obtained.  The dry solids were analyzed using X-ray diffraction,
scanning electron microscopy, energy dispersive spectrometry, and elemental content
(inductively coupled plasma-emission spectroscopy).  The filtrate was analyzed for
anions and elemental content (inductively coupled plasma-emission spectroscopy).

The mass of the composite sample, sub-samples, and dry solids were obtained to
maintain a mass balance during the characterization.  The insoluble solids concentration
was calculated from the difference between the total solids analysis and the soluble solids
analysis.  Additionally, the insoluble solids analysis was calculated by weighing the total
dry solids filtered from the composite sample and dividing by the original composite
sample weight.

Table 2– EPA Methods Used to Analyze Duratek Off Gas Sample
PROCEDURE METHOD ANALYTE
EPA 300.0 Total Anions in Liquids Ion Chromatography All anions, except

Formate
SW846 6020 Inductively coupled plasma-
mass spectroscopy (Prep Method 3005A,
Acid Digestion of Waters for Total
Recoverable Metals for Analysis by ICP)

Inductively coupled
plasma-mass
spectroscopy, Acid
Digestion HNO3 &
HCL

Elementals

SW846 7.3.3 Reactive Cyanide, Test
Method to Determine Hydrogen Cyanide
Release from Wastes, Method 9014,
Titrametric and Manual
Spectrophotometric Determinative
Methods for Cyanide

Colorimetric,
Automated UV

Reactive
Cyanide12

EPA 335.3 Total Cyanide Colorimetric,
Automated UV

Total Cyanide

                                                
12 The definition of reactive cyanide is given in SW-846 7.3.2.  A cyanide bearing waste is considered
characteristic of reactivity under RCRA and DOT regulations if the waste generates toxic gases, vapors or
fumes in excess of 250 mg HCN/kg waste when exposed to pH conditions between 2.5 and 12.5.  See also
RCRA-40 CFR 261.21, DOT-49 CFR 173.300 and 173.151
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Mixing Study

Since the RPP-WTP melter off gas condensate will be recycled and mixed with fresh
pretreated LAW evaporator feed, a scoping study was initiated to determine if solids
would form after mixing the AN105/AW101 melter off gas condensate with a simulant of
AN105.  The composition of the simulant is presented in Table 4.  The simulant was
based upon a recipe developed by SRTC 13 for the B1 R&D program.  The simulant recipe
was recalculated to make a simulant with a final density of 1.2 g/ml. The target density
was selected based upon the results from the BNFL ion exchange development
program. 14  Ion exchange resins used in the BNFL development program have been
shown to float in salt solutions with densities above 1.2 g/ml.  The sodium molarity of the
AN-105 simulant is approximately 4.4M.  The simulant was filtered through Whitman
0.2 µm filters prior to these experiments.  All chemicals used were of reagent grade and
deionized water was used to prepare the solutions.

The Al, Mo, K, Na (AA), Cl, COOH, NO3 and NO2 evaporator feed analyses are within
the expected analytical error of 10%.  The reported Na (ICP-ES) concentration in the
simulant was 85600 mg/L vs. a targeted concentration of 100400 mg/L.  The laboratory
reported that the ICP-ES QC results for sodium were out of specification by 9%.  The
analytical results for B, Cd, Ca, Pb, Mg, and Zn are all outside the expected analytical
error.  Reference15 indicates that Ca and Mg were precipitated from the simulant during
the make-up process.  The as-batched values for B, Cd, Pb, and Zn are very low, and it is
likely that the high dilution factors used for these analyses increased the analytical error
for these elements.  The analytical results for some of the anions (F, OH, CO3, C2O4, PO4,
and SO4) were also outside the expected analytical error.  The carbonate analysis is
greater than five times higher then the expected value (34000 vs. 5000 mg/L) and is
likely due to CO2 absorption during the make-up (agitation) and vacuum filtration
process.

At the time the mixing study was conducted, the condensate recycle from the LAW
Vitrification facility was mixed with the Tc ion exchange effluent in approximately a 1:1
ratio 16.  Therefore, approximately 200 g of Duratek condensate was mixed with 200 g of
AN105 simulant.

Since the time of this study the RPP-WTP flow sheet has been changed to neutralize the
SBS recycle (if necessary) and then mix the recycle with the pretreated LAW effluent
from the Tc ion exchange columns.  The current flow sheet values are shown in Table 3.
                                                
13 Johnson, M. E., Approval of LAW Envelope A and B Simulants, Letter No. 001696, BNFL, Inc.
Richland, WA 99352, 2/16/99
14 Verbal conversation (& email) between T. B. Calloway and D. McCabe, Savannah River Technology
Center, 6/18/99
15 T. B. Calloway, Evaporation of Hanford Envelope A Simulant (AN105), BNF-003-98-0254,
Westinghouse Savannah River Company, Aiken SC, August 2000.
16 Verbal conversation with between M. E. Johnson and T. B. Calloway, 9/99.  The recycle from LAW
vitrification represents approximately 45% of the total feed to the pretreated LAW Melter Feed Evaporator
on a mass basis.  The effluent from the Tc ion exchange accounted for the other 55%.
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The current RPP-WTP pretreatment B2 development plan will further address the mixing
of vitrification off gas recycle condensate with pretreated LAW feeds.  SRTC
recommends that these studies use the RPP-WTP flow sheet as a basis.

Table 3 – LAW Melter Feed Evaporator – Expected Sources of Evaporator Feed17

m3/day Density MT/day Wt. % (mass basis)
Neutralized SBS Off Gas
Condensate

38.4 1.037 39.828 29.2%

Tc IX Effluent 79.7 1.210 96.469 70.8%
Combined Evaporator Feed 118.287 1.152 136.297

                                                
17 R. Carter & V. B. Ashley, Flowsheet Results for Envelope A/D at 60 t/d LAW Glass, RPT-W375-
TE00019, Rev 0, BNFL, Inc. Richland WA. 99352, 3/17/2000
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Table 4 - AN105 (Envelope A) Simulant Composition used in Mixing Study – As-

Batched vs. As-Measured Composition
AN105 SIMULANT

Analyte Formula

As-Batched
Concentration,

mg/L

Measured
Concentration,

mg/L
%

Difference18

Aluminum Al 12990 11900 9.0%
Antimony Sb NA NM
Arsenic As NA NM
Barium Ba NA NM
Beryllium Be NA NM
Boron B 21 25.1 -18.8%
Cadmium Cd 1 < 0.1 171%
Calcium Ca 16 < 0.6 186%
Chromium Cr 552 486 12.8%
Cobalt Co NA NM
Copper Cu NA NM
Iron Fe NA NM
Lanthanum La NA NM
Lead Pb 22 16.7 26.5%
Lithium Li NA NM
Magnesium Mg 2 < 0.05 190%
Manganese Mn NA NM
Molybdenum Mo 34 31.9 5.34%
Nickel Ni NA NM
Potassium K 3066 3080 -0.29%
Selenium Se 0.3 NM
Silicon Si 86 78 11%
Silver Ag NA NM
Sodium, ICP-
ES

Na 100431 85600 15.9%

Sodium, M
ICP-ES

4.37 3.72

Sodium, M AA 4.37 4.02 8.21%

Thallium Th NA NM
Titanium Ti NA NM
Vanadium V NA NM
Zinc Zn 4 5.1 -22%
Zirconium Zr NA NM

Acetate CH3COO 846 NM
Ammonium NH4 49 NM
Bromide Br NA NM
Carbonate CO3 5129 34200 -148%
Chloride Cl 3716 3870 -4.10%
Fluoride F 78 49 45%

                                                
18 % Difference = (Value 1 – Value 2)/ (Average of Value 1 & 2)
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AN105 SIMULANT

Analyte Formula

As-Batched
Concentration,

mg/L

Measured
Concentration,

mg/L
%

Difference18

Formate COOH 1180 1290 -8.90%
Glycolate OCH2COOH 470 NM
Hydroxide OH 24916 21500 14.7%
Nitrate NO3 67415 70500 -4.50%
Nitrite NO2 45381 46900 -3.30%
Oxalate C2O4 249 152 48.9%
Phosphate PO4 233 293 -22.8%
Sulfate SO4 315 466 -38.6%

% Total Solids (Balance is
water)

25.96% 26.5% -2.00%

% Soluble Solids, measured NA 26.6%

% Insoluble Solids, measured NA 0.00%

Density, g/ml 1.200 1.197 0.20%

pH NM NM

Viscosity @ 25°C, cp 2.2
Viscosity @ 50°C, cp 1.7 (approx.)
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RESULTS AND DISCUSSION

Characterization

The sample analysis summary for the composite sample is given in Table 5 and Table 6.
A detailed analytical report of the EPA sample analyses preformed is contained in
Appendix A.

Table 5 – AW101/AN105 Duratek Off Gas Condensate Composite Sample -
Chemical Analysis

Concentration

ANALYTE

FO
R

M
U

L
A

A
N

A
L

Y
SIS

FL
A

G

Detection Limit,
µg/L

Reporting
Limit, µg/L µg/L mg/L

Aluminum Al 31.2 150 121000 121
Antimony Sb 1.11 20.0 57.5 0.0575
Arsenic As 1.45 30.0 34.5 0.0345
Barium Ba 1.58 20.0 207 0.207
Beryllium Be 0.340 2.00 2.41 0.0024
Boron B NM
Cadmium Cd 0.500 10.0 46.2 0.0462
Calcium Ca 55.4 1000 185000 160
Chromium Cr 6.45 30.0 22400 22.4
Cobalt Co J 0.180 10.0 2.15 0.0022
Copper Cu 11.8 20.0 222 0.222
Iron Fe 79.2 250 24100 24.1
Lanthanum La NM
Lead Pb 0.770 20.0 580 0.58
Lithium NM
Magnesium Mg 5.21 100.0 29400 29.4
Manganese Mn 6.55 50.0 1760 1.76
Molybdenum Mo 1.96 5.00 123 0.123
Nickel Ni 0.720 20.0 190 0.19
Potassium K 3530.0 30000 2870000 2870
Selenium Se 2.18 30.0 80.9 0.0809
Silicon Si NM
Silver Ag 1.01 10.0 1160 1.16
Sodium Na 41 250000 4930000 4930
Sodium, M 0.214
Thallium Tl 0.140 5.00 19.2 0.0192
Titanium Ti NM
Vanadium V J 3.30 100.0 99.3 0.0993
Zinc Zn 9.74 100.0 144000 144
Zirconium NM

mg/L mg/L µg/L mg/L
Acetate NM
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Concentration

ANALYTE

FO
R

M
U

L
A

A
N

A
L

Y
SIS

FL
A

G

Detection Limit,
µg/L

Reporting
Limit, µg/L µg/L mg/L

Ammonium NH4 NM
Bromide Br U 0.16 0.50 0 0.00
Chloride Cl 10.40 40.00 5440000 5440

Formate COOH NM

Fluoride F 0.17 0.50 83300 83.3

Glycolate NM

Hydroxide NM

Nitrate NO3 2.00 5.00 551000 551

Nitrite NO2 2.00 5.00 1680000 1680

Oxalate C2O4 J 1.13 6.00 2250 2.25
Phosphate PO4 U 4.00 10.00 0 0.00
Sulfate SO4 0.79 2.00 210000 210

Cyanide µg/L µg/L µg/L mg/L
Cyanide, Reactive HCN J 13.8 2.5E08 43.3 0.0433
Cyanide, Total HCN 69.0 125 1160 1.16
J - Below Reporting Limit but above Detection Limit, U - Below Detection Limit, NR/NM – Not
Reported/Not Measured

Table 6 - AW101/AN105 Duratek Off Gas Condensate Composite Sample -
Chemical Analysis (Continued)

Analysis Result
% Total Solids 2.16%
% Soluble Solids 2.05%
% Insoluble
Solids

0.10%

Density, g/ml 1.02
pH 6.79

Table 5 analyses were performed by General Engineering Laboratory (GEL), Inc. by SW-
846 protocol.  Solids, density, and pH analyses were performed by SRTC.  All results
reported in Table 5 were conducted on the composite (unfiltered) sample from GTS
Duratek with the exception of the cyanide analyses.  The original sample sent on 4-12-00
to GEL was not a large enough volume to perform the cyanide analyses.  Since the entire
remaining sample from GTS Duratek had been filtered, a filtered Duratek sample
(Collection Date 4-20-00) was sent to GEL for cyanide analyses.

GTS Duratek / SRTC personnel did not add any reagents to the melter off gas sample.
As stated previously, the composite sample (≈2900 g) was filtered to obtain a solid
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sample for analysis and to obtain the most accurate measurement of the % insoluble
solids in the sample.  After filtration and drying in an oven (@ 105°C for 24 hrs), the %
insoluble solids was measured to be 0.12 wt. % (1.21 g dry solids/L of condensate) which
compares favorably with the gravimetric microwave analysis of a 10 ml sub-sample
presented in Table 6.

The filtered solids and filtrate were submitted to SRTC laboratories for ICP-ES analysis.
The solids samples were dissolved using two methods: 1) Microwave assisted acid
(HNO3 with HF) dissolution and 2) Na2O2-HNO3 fusion.  The filtered solids were
submitted for XRD and SEM analysis.

Table 7 – Sample Results - Filtered Solids & Filtrate  - Duratek Off Gas Sample

ANALYTE FORMULA FILTERED SOLIDS FILTRATE
weight % mg/Kg mg/L

Aluminum Al 11.8 117000 3.6
Antimony Sb < 0.011 110 < 0.1
Arsenic As < 0.03 300 < 0.3
Barium Ba 0.01 105 < 0.02
Beryllium Be < 0.001 10 < 0.003
Boron B 1.0 10000 638
Cadmium Cd < 0.002 20 < 0.06
Calcium Ca 2.1 20800 152
Chromium Cr 0.03 280 23
Cobalt Co NM NM
Copper Cu NM NM
Iron Fe 3.4 33700 < 0.06
Lanthanum La < 0.014 140 < 0.14
Lead Pb < 0.06 600 < 0.5
Lithium Li NM NM
Magnesium Mg 0.19 1860 31
Manganese Mn 0.12 1160 0.5
Molybdenum Mo NM NM
Nickel Ni < 0.008 80 0.6
Potassium K NM NM
Selenium Se < 0.04 400 < 0.4
Silicon Si 14.9 149000 10
Silver Ag < 0.03 300 0.9
Sodium Na 1.8 17900 4300
Thallium Tl < 0.05 500 < 0.5
Titanium Ti 0.01 134 < 0.05
Vanadium V < 0.012 120 < 0.12
Zinc Zn 8.3 82800 38
Zirconium Zr 1.5 14500 0.3
NR/NM – Analyte not added/measured
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Table 5, Table 6, and Table 7 indicate the presence of both glass forming chemicals and
unreacted simulants that were used to feed the Duratek LAW pilot melter.

Several analytes (e.g. Si, Zr) known to be present were not reported in the composite
sample results reported in Table 5. The sample preparation method (SW846 Method
3005A) used for the composite sample did not adequately dissolve these components.
Method 3005A calls for the sample to be acidified with concentrated nitric acid, heated,
and then filtered.  The filtrate is analyzed for the metals reported in Table 5.  Therefore,
calculated values based upon the filtered solids and filtrate analysis, for B, La, Si, Ti, Zr
are reported in Table 8.

Table 8 – Composite Sample Results for Selected Analytes – Calculated from
Filtered Solids and Filtrate Analyses

COMPOSITE SAMPLE
RESULTS

CALCULATED (MG/L)
Boron B 1880
Lanthanum La < 17
Silicon Si 18300
Titanium Ti < 17
Zirconium Zr 1790

Figure 1 shows the crystalline make-up of the filtered solids.  As expected, glass-forming
chemicals are present in the filtered solids.  Additionally, two forms of aluminum
phosphate compounds were also detected.  Most likely these compounds are reaction
products that formed in the off gas system or during make-up of the melter feed simulant.
Additionally, an amorphous component (presumably LAW glass) was also identified.
SEM Energy Dispersive Spectrometry analysis of the filtered solids is shown in Figure 2
– 4.  Figure 4 confirms that significant portions of the filtered solids are less than 1.25 µ
in size.

Particle size analysis for the filtered solids is shown in Figure 5.  Table 9 provides a
summary of the particle size analysis.

Table 9 – Summary Particle Size Analysis of Filtered Duratek Condensate Solids

MEASUREMENT DESCRIPTION VALUE (MICRON)
Mv Mean Diameter based on

Particle Volume
5.147

Mn Mean Diameter of the
Number Distribution

1.382

Ma Mean Diameter of the Area
Distribution

3.005
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Figure 1 – X-Ray Diffraction Analysis of Filtered Solids from Duratek Off Gas

Figure 2 – SEM/EDS Analysis of Filtered Solids from Duratek Off Gas
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Figure 3 – SEM of Filtered Duratek Solids – Scale shown is 4.9 µ

Figure 4 – SEM of Filtered Duratek Solids – Scale Shown is 1.25 µ
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Figure 5 – Particle Size Analysis for Filtered Duratek Off Gas Solids

Mixing Study

As stated previously, a scoping study was initiated to determine if solids would form after
mixing the AN105/AW101 melter off gas condensate with a simulant of AN105.  The
AN105 simulant was mixed with the filtered Duratek condensate in a 1:1 mass ratio. The
envelope A simulant (AN105) was translucent before mixing and immediately became



20 WSRC-TR-2000-00299
SRT-RPP-2000-00009

Revision 0
cloudy upon mixing with the filtered Duratek sample indicating the presence of solids.
The mixture was stored in the SRTC 772-T laboratory for approximately two months
prior to analysis by XRD.  Hydrocalumite, (Ca8Al4(OH)24(CO3)Cl2(H2O)1.6(H2O)8) was
identified by the XRD scan along with other unidentified compounds.

Figure 6 – Solids Formed After Mixing Duratek Condensate with AN105 Simulant

One other possible component was tentatively identified as Maricite (NaFe9PO4).  The
identification of Maricite was inconclusive and needs to be confirmed in future studies.

A sample of the mixture was submitted for solids and turbidity analysis to quantify the
insoluble solids present in the mixture.  The analysis is presented in Table 10.
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Table 10 – Analysis of Simulated AN105 Mixed with AW101/105 Melter Off Gas
Condensate

Analysis Result
% Total Solids 15.56%
% Soluble Solids 15.40%
% Insoluble
Solids19

0 - 0.16%

Density, g/ml 1.10
Turbidity, NTU20 115

CONCLUSIONS/FUTURE STUDIES

The characterization of the off gas condensate from the LAW Pilot scale melter was
completed.  The condensate contains a significant quantity of dissolved (~2wt%) and
insoluble solids (0.12 wt. % or 1.21 g/L).  The condensate is composed of unreacted glass
formers, AW101/AN105 simulant, and trace amounts of LAW glass.  The condensate is
approximately 0.2M sodium and has a pH of approximately 6.8.  A very small quantity of
very fine insoluble solids formed when the AW101/AN105 LAW melter off gas
condensate was mixed with pretreated AN105 simulant.

SRTC recommends that the RPP investigate potential design changes that would
decontaminate the LAW Melter Off gas condensate to meet the Hanford site, 200 East
Area Liquid Effluent Treatment Facility (LETF) waste acceptance criteria.  These design
changes have several benefits: 1) Purge halides from the RPP-WPT LAW melter off gas
in order to reduce the potential build-up of corrosive species in the pretreated LAW
evaporator and LAW Melter systems 2) Reduce the overall water load on the RPP-WPT
pretreatment evaporator.

The current RPP-WTP pretreatment R&D plans call for additional characterization,
mixing, and evaporation studies using HLW and LAW Melter Gas condensate derived
from experiments using simulants.  These studies are planned for fiscal years 2001
through 2003.  It is recommended that additional condensate from Duratek and VSL pilot
melters be obtained and characterized for use in additional pretreatment studies.

                                                
19 Insoluble solids measurements are reported as a range since the values reported by the lab are very low
and somewhat inconsistent.  All other measurements in the table are duplicate measurements that are
averaged
20 Nephelometer Turbidity Unit.  Drinking water is approximately 20 NTUs
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APPENDIX A – GEL Sample Analysis - Detail Report
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